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bstract
Hopeaphenol is naturally occurring plant polyphenol composed of resveratrol units. We examined the antioxidant activity of
opeaphenol using various in vitro assays, including 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging, superoxide
nion radical, hydrogen peroxide scavenging and ferric reducing power. Hopeaphenol showed 63.76% of the activity of DPPH,
4.48% of superoxide anion and 54.64% of hydrogen peroxide scavenging activity at a concentration of 100 g/mL. In addition,
opeaphenol showed effective ferric reducing power. Those antioxidant activities were compared to that of quercetin. The study
hows that hopeaphenol is an effective natural antioxidant component that could be used as food preservative or nutraceutical.
 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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en peroxide radical scavenging
.  Introduction
The pharmaceutical properties of natural products
re interesting for the development of alternative treat-
ents with little toxicity and few side-effects. Many
lant-derived compounds are used in the treatment of
uman diseases [1]. Some natural products are antioxi-
ants, which quench radicals or postponed the oxidation
f other compounds in human [2], thus protecting the
ody from the effects of free radicals and reactive oxygen
pecies such as O2−•, hydroxyl (OH•), peroxyl (ROO•)∗ Corresponding author. Tel.: +91 9865705775.
E-mail address: subu m1@yahoo.com (V. Raj).
eer review under responsibility of Taibah University
ttp://dx.doi.org/10.1016/j.jtusci.2014.11.004
658-3655 © 2014 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).; Ferric reducing power; Superoxide anion radical scavenging; Hydro-
and hydrogen peroxide (H2O2•) radicals. Reactive nitro-
gen species include nitric oxide (NO•) and nitrogen
dioxide (NO2•) [3]. The most commonly used antiox-
idants, such as butylated hydroxyl anisole and butylated
hydroxyl toluene, have been reported to have adverse
effects in humans, and they are restricted in food prod-
ucts because of negative perceptions of consumers [4,5].
Therefore, potent natural antioxidants have been sought,
especially natural ones derived from plants, to counter
radical-mediated damage [6]. Phenolic compounds are
some of the most important natural antioxidants because
of their biological activities [7].
Shorea species are a major sources of hopeaphenol, in
which oligomeric resveratrols are the main polyphenols.
These have been shown to have important biologi-behalf of Taibah University. This is an open access article under the
cal activity, such as cytotoxicity and antibacterial and
antioxidant activities [8–15]. The aim of this study was
to investigate the antioxidant properties of hopeaphe-
nol as 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
bah Un238 R. Subramanian et al. / Journal of Tai
scavenging, superoxide anion radical scavenging, hydro-
gen radical scavenging and ferric antioxidant reducing
power. Another goal of this investigation was to compare
the antioxidative effects of hopeaphenol in vitro with
those of the natural antioxidant quercetin.
2.  Materials  and  methods
2.1.  Chemicals  and  plant  material
1,1-Diphenyl-2-picrylhydrazyl radical was pur-
chased from Sigma Aldrich, Bangalore, India.
Quercetin, potassium ferricyanide, trichloroacetic acid,
ferric chloride, hydrogen peroxide, nitroblue tetra-
zolium and other laboratory chemicals were purchased
from Merck, India. All other chemicals and solvents
used were of analytical grade.
2.2.  Extraction,  isolation  and  characterization
The stem bark of S.  roxburghii  was identified and
collected from Alagar Hills, Madurai, by Professor
S. Karupusamy, Madura College, Madurai, India, in
March 2010. Powdered stem bark (1.0 kg) was defat-
ted with hexane and sequentially extracted with acetone
and methanol. The acetone extract was fractionated
with ethyl acetate, and 50 g of the soluble portion
were subjected to column chromatography eluted with
an n-hexane/ethyl acetate step gradient. The eluted
column fractions were monitored by thin-layer chro-
matography with n-hexane/ethyl acetate, v/v 7:3 and
chloroform/methanol, v/v 8:2. Repeated column chro-
matography gave 1.0 g of the compound. The compound
was visualized under ultraviolet light in an iodine
chamber. The structure of the isolated compound was
established by spectral techniques.
2.3.  Identiﬁcation  of  compound
Brown solid: UV (methanol) λmax (log ε) 241, 290
and 393, 280 nm (sh); infrared bands (KBr) 2937 cm−1
(characteristic of aliphatic stretching), 1617, 1513, 1456,
1384 and 840 cm−1 (aromatic ring, presence of 1,4-
disubstituted benzene); 1H NMR (acetone-d6, 400 MHz)
and 13C NMR; 75 MHz, acetone-d6, electrospray ion-
ization time-of-flight mass m/z  [M+H]+ 907 (calc. for
C56H42O12, 906).2.4.  DPPH  radical  scavenging  activity
The DPPH radical scavenging assay is commonly
used to evaluate the ability of antioxidants to scav-iversity for Science 9 (2015) 237–244
enge free radicals. When a hydrogen atom or electron
is transferred to the odd electron in the DPPH radi-
cal, the absorbance at 517 nm decreases proportionally
to the increase in non-radical forms of DPPH•. The
DPPH radical scavenging effect was estimated according
to the established method [16], with slight modifi-
cations. Briefly, a 1 mmol/L solution of DPPH• was
prepared in methanol, and 1 mL was added to 3 mL of
hopeaphenol solution in methanol at concentrations of
20–100 g/mL. The solutions were vortexed thoroughly
and incubated in the dark for 30 min. The absorbance was
measured at 517 nm against blank samples without scav-
enger. DPPH radical-scavenging activity was calculated
from:
DPPH radical-scavenging activity (%)
= ((Ac −  As)/Ac) ×  100
where Ac is the absorbance without samples and As is
the absorbance in the presence of the samples. Lower
absorbance of the reaction mixture indicates higher
DPPH radical-scavenging activity.
2.5.  Hydrogen  peroxide  radical  scavenging  activity
The hydrogen peroxide scavenging assay was carried
out by the procedure of Ruch et al. [17]. A solu-
tion of 1 mmol/L hydrogen peroxide was prepared in
50 mmol/L phosphate buffer (pH 7.4). Concentrations
of 20–100 g of the hopeaphenol solution were added
to 0.6 mL of hydrogen peroxide in phosphate solution,
and absorbance was recorded at 230 nm after 10 min
against a blank solution containing phosphate buffer
without hydrogen peroxide. Hydrogen peroxide scav-
enging activity was calculated from:
Hydrogen peroxide scavenging activity (%)
=  (Ac −  As)/Ac) ×  100
where Ac is the absorbance without samples and As is
the absorbance in the presence of the samples.
2.6.  Superoxide  anion  radical  scavenging  activity
Superoxide anion radical scavenging activity was
measured by the method of Arulmozhi et al. [18],
with slight modifications. Superoxide radicals are gen-
erated in phenazine methosulfate-nicotinamide adenine
dinucleotide systems by oxidation of nicotinamide ade-
nine dinucleotide and assayed by the reduction of
nitroblue tetrazolium. In this experiment, superoxide
radicals were generated in 3 mL of Tris HCl buffer
(16 mmol/L, pH 8.0) containing 1 mL of nitroblue
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etrazolium (50 mol/L), 1 mL nicotinamide adenine
inucleotide (78 mol/L) and a compound (20–100 g).
he reaction was started by adding 1 mL of phenazine
ethosulfate solution (10 mol/L) to the mixture, which
as incubated at 25 ◦C for 5 min; absorbance was mea-
ured at 560 nm in a spectrophotometer against the blank.
opeaphenol was added to the reaction mixture in which
2−• was scavenged, thereby inhibiting the nitroblue
etrazolium reduction. The decreased absorbance of the
eaction mixture indicates increased superoxide anion
Fig. 2. 13C NMR spectrum of hopeaphenol.
scavenging activity. The percentage inhibition of super-
oxide anion generation was calculated from:
% Superoxide anion radical scavenging
= [(Ac −  As)/Ac] ×  100 EC50where the value (g extract/mL) is the effective concen-
tration at which the reducing power, hydrogen peroxide,
DPPH and superoxide anion radical scavenging activi-
 of hopeaphenol.
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Fig. 3. Mass spectrum of hopeaphenol.
OO
OH
HOOH
HO
HO OH
H
H
H
H
H
H
H
A1
A2
B1
B2
B'1
B'2
A'1
A'2
OH
H
B3 B'3
HO
e of (+)OH
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ties were scavenged by 50%. The IC50 was obtained by
extrapolation in linear regression analysis.
2.7.  Ferric  reducing  power
The ferric reducing power of hopeaphenol was deter-
mined according to the procedure of Barrors et al. [19],
with slight modifications. Briefly, 1 mL of hopeaphe-
nol solution was mixed with 2.5 mL of phosphate buffer
(0.2 mol/L, pH 6.6) and 2.5 mL of potassium ferricyanide
(1%). The mixture was incubated at 50◦ C for 30 min, and
then 2.5 mL of trichloroacetic acid (10%) were added to
the mixture, which was then centrifuged at 3000 rpm
for 10 min. Then, 2.5 mL of the upper layer were pipet-
ted out and mixed with 2.5 mL of distilled water, and
0.5 mL of ferric chloride (0.1%) was added. AbsorbanceHO
-hopeaphenol.
was measured at 700 nm. Increased absorbance of the
reaction mixture indicates greater reducing capacity.
2.8.  Statistical  analysis
All samples were analyzed in triplicate unless other-
wise stated, and the results are expressed as an average
and standard deviation (±SD). All statistical analyses
were performed in the Microsoft Excel 2007 software
package.
3.  Results  and  discussion3.1.  Structural  elucidation  of  the  compounds
The UV spectrum of the compound showed absorp-
tion maxima at 241 and 290 nm and shoulders at
bah University for Science 9 (2015) 237–244 241
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Table 1
1H NMR and 13C NMR spectral data for (+)-hopeaphenol.
S. no. No. of Ha 1Hb NMR δ (ppm)
(400 MHz,
acetone)
13Cb NMR δ
(ppm)
(75 MHz
acetone)
1. 1a/1a′ – 131.18
2. 2a, 6a/2a′, 6a′ 7.14 (4H, d,
J = 8.65)
130.27
3. 3a, 5a/3a′, 5a′ 6.78 (4H, d,
J = 8.65)
116.04
4. 4a/4a′ – 158.83
5. 7a/7a′ 5.73 (2H, d,
J = 2.20)
88.23
6. 8a/8a′ 4.23 (2H, d,
J = 2.20)
142.53
7. 9a/9a′ – 121.30
8. 10a/10a′ – 158.48
9. 11a/1a′ 6.55 (2H, d,
J = 2.10)
101.20
10. 12a/12a′ – 157.21
11. 13a/13a′ 6.28 (1H, d,
J = 3.16)
106.46
12. 14a/4a′ – 135.36
13. 1b/1b′ 6.79 (1H, d,
J = 8.62)
129.36
14. 2b, 6b/2b′, 6b′ 6.75 (1H, d,
J = 8.62)
116.03
15. 3b, 5b/3b′, 5b′ – 155.85
16. 4b/4b′ 5.80 (1H, brs) 41.29
17. 7b/7b′ 3.92 (1H, brs) 46.32
18. 8b/8b′ – 140.52
19. 9b/9b′ – 118.68
20. 10b/10b′ 5.72 (1H, d,
J = 2.17)
159.34
21. 11b/11b′ – 159.34
22. 12b/12b′ 5.16 (1H, d,
J = 2.18)
95.30
23. 13b/13b′ – 155.64
24. 14b/14b′ – 111.36
a All assignments were confirmed by HMBC and ROESY spectra.R. Subramanian et al. / Journal of Tai
93 and 280 nm, indicating the phenolic chromophore.
he infrared spectrum showed an absorption band at
363 cm−1 attributed to a hydroxyl group. The absorp-
ion band at 2937 cm−1 is characteristic of aliphatic
tretching, while absorption at 1617, 1513, 1456 and
384 cm−1 is due to the presence of and aromatic ring,
nd absorption at 840 cm−1 is typical of the presence of
 1,4-disubstituted benzene. The UV and infrared data
re typical and characteristic of oligomeric stilbenes,
specially resveratrol tetramer [20,21]. The protons and
arbons were assigned by heteronuclear multiple band
orrelation and rotating frame Overhauser effect. Both
he 1H NMR (Fig. 1) and 13C NMR (Fig. 2) spectra of
he compound showed half the number of signals corre-
ponding to the molecular formula C56H42O1, indicating
hat the compound is a tetrameric stilbene composed
f two symmetrical dimmers. This was corroborated
y the m/z  906 from mass spectra (Fig. 3). The 1H
MR spectrum showed signals for eight sets of ortho-
oupled aromatic protons at δ  7.14 and 6.78 (each 4H, d,
 = 8.65 Hz) and 6.79 and 6.75 (each 4H, d, J  = 8.62 Hz),
uggesting the presence of four 1,4-disubstuituted aro-
atic rings. The presence of four sets of meta-coupled
romatic protons at δ  6.55 and 6.28 (each 2H, d,
 = 2.10 Hz) and δ 5.72, 5.16 (each 2H, d, J  = 2.20 Hz)
as ascribed to four sets of 1,2,3,5-tetrasubstituted aro-
atic rings, implying the presence of four additional
romatic rings. The aliphatic hydrogen signals at δ  5.73
nd 4.23 (each 2H, d, J = 12.2 Hz) suggested the presence
f two dihydrobenzofuran moieties bearing 4-oxyphenyl
nd 3,5-dioxyphenyl groups characteristic of oligostil-
enes derived from the resveratrol molecule [22–24].
The upfield chemical shift value of the two aliphatic
ethane protons signal at δ  4.23 indicated that it is anti to
he two aliphatic methane protons signal at δ  5.73, as this
roton is held in the shielding region of the aromatic ring
B1). The coupling constant value (J  = 12.20 Hz) of these
wo sets of aliphatic methane protons suggested the trans
tereochemistry between them [22,25]. The other cou-
led signals, at δ  5.80 and 3.93 (each 2H, d,  J  = 1.60 Hz),
ue to the protons attached to the carbons at δ 44.08
C-7b and 7d) and δ  53.37, suggested the presence of
icinal methines. The presence of 10 hydroxyl groups
as deduced from the molecular formula and five broad
ydroxyl signals (each two OHs) at δ  8.51, 8.43, 8.18,
.95 and 7.39 in the 1H NMR spectrum. Comparison of
he 1H NMR and 13C NMR (Table 1) spectra of the com-
ound with (+) hopeaphenol and (−) isohopeaphenol
howed that the structure of the compound was similar
o that of (+) hopeaphenol. The proposed structure of
+) hopeaphenol, C56H42O12 (Fig. 4) was confirmed by
omparison with those reported in the literature [25–27].b In acetone-d6 at room temperature.
3.2.  DPPH  radical  scavenging  activity
Four methods were used to determine the antioxi-
dant property of hopeaphenol, which also allowed us
to obtain information about the activity of this com-
pound. The DPPH radical scavenging assay has been
widely used to determine the free radical scavenging
activities of various natural substances. In this assay,
DPPH• is reduced in alcoholic solution in the presence
of a hydrogen-donating antioxidant [28]. The radical-
scavenging activity of the hopeaphenol was estimated
by comparing the percentage inhibition of formation of
DPPH radicals by the compound and those of quercetin.
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Table 2
Radical scavenging activities of (+)-hopeaphenol.b
Concentrations (g/mL) Hopeaphenol IC50 (g/mL) Quercetin IC50 (g/mL)
DPPH radical scavenging activity (%)
20 33.53 ± 017 25.13 ± 0.35
40 42.44 ± 0.46 43.54 ± 0.79
60 47.75 ± 0.30 66.05 59.16 ± 0.52 46.53
80 54.45 ± 0.20 86.49 ± 0.90
100 62.66 ± 0.92 93.59 ± 0.17
Superoxide anion radical scavenging activity (%)
20 26.89 ± 0.08 58.84 ± 0.54
40 38.85 ± 0.38 60.60 ± 0.42
60 48.58 ± 0.47 67.53 70.98 ± 0.43 14.7
80 54.40 ± 0.29 85.93 ± 0.29
100 64.48 ± 0.82 91.86 ± 0.42
Hydrogen peroxide scavenging activity
20 16.74 ± 0.70 38.40 ± 0.96
40 27.65 ± 0.80 46.39 ± 0.70
60 34.72 ± 0.70 91.36 54.65 ± 0.32 48.36
80 43.93 ± 0.96 69.43 ± 0.96
100 54.64 ± 0.24 76.19 ± 0.70
Ferric reducing power (OD)a
20 0.028 ± 0.003 0.063 ± 0.002
40 0.047 ± 0.007 0.075 ± 0.004
60 0.063 ± 0.002 47.55 0.088 ± 0.017 8.96
80 0.072 ± 0.006 0.102 ± 0.010
100 0.082 ± 0.082 0.127 ± 0.003
±Standard deviation.
a Increasing the optical density.
b All the values were performed in triplicates.
The DPPH radical scavenging activity of hopeaphe-
nol increased with increasing concentration (Table 2).
The scavenging effects of hopeaphenol and quercetin
on DPPH radical at 100 g were 62.66% and 96.59%.
The median inhibitory concentrations (IC50) of DPPH
radical scavenging by hopeaphenol and the standard
were 66.05 and 46.53 g/mL, respectively, which were
significantly different (p  < 0.05). A lower half maximal
effective concentration (EC50) value indicates greater
free radical scavenging activity. The radical scavenging
activity of the compound is probably due to the presence
of hydroxyl groups. It is known that compounds such
as flavonoids contain hydroxyl functional groups that
are responsible for the antioxidant effect of the plants.
The ability of polyphenolic compounds to act as antiox-
idants depends on the redox properties of their phenolic
hydroxyl groups and the potential for electron delocal-
ization across the chemical structure [29]. Hopeaphenol
has two molecules of ampelopsin B, each built of four
resveratrol molecules. Abstraction of a hydrogen atom
from the hydroxyl group may occur, and the absorbance
decreased when DPPH• was scavenged by an antioxi-
dant through donation of the hydrogen atom to form a
stable DPPH radical molecule.3.3.  Superoxide  anion  radical  scavenging  activity
The superoxide anion radical scavenging activity of
the compound increased with concentration (Table 2).
Concentrations of 20–100 g/mL that inhibited super-
oxide anion scavenging activity were 26.89 ±  0.08%,
38.85 ±  0.38%, 48.58 ±  0.47%, 54.40 ±  0.29% and
64.48 ±  0.82%, respectively. These values were lower
that those of the same doses of quercetin. The result
implies that the compound is a superoxide scavenger,
and its capacity to scavenge the superoxide anion rad-
ical may contribute to its antioxidant activity. The
IC50 values of superoxide anion (67.53 g/mL) and
DPPH radical scavenging activity (66.05 g/mL) are
similar.
3.4.  Hydrogen  peroxide  scavenging  activity
The hydrogen peroxide scavenging activity of
hopeaphenol at 100 g/mL was 54.64 ±  0.24%, while
that of quercetin was 76.19 ± 0.70%. Hopeaphenol acid
was thus an effective hydrogen peroxide scavenger,
although less so than quercetin. The IC50 value was
91.36 g/mL. The compound had greater hydrogen
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eroxide-scavenging activity than DPPH radical scav-
nging. Hydrogen peroxide is a weak oxidizing agent
nd can penetrate biological membranes. Because of the
ossible involvement of hydrogen peroxide in the gen-
ration of hydroxyl radicals, it causes cytotoxicity rather
han chemical reactivity.
.5.  Ferric  reducing  power
The compound had strong reducing power, with an
C50 value of 47.55 g/mL, which is significantly lower
hat that for DPPH radical scavenging (66.05 g/mL).
he compound reduces Fe3+ to Fe2+ by donating an elec-
ron or hydrogen, with the formation of Prussian blue
omplex, and an increase in the absorbance of the reac-
ion mixture indicates greater reducing capacity [30].
he reducing capacity of hopeaphenol may serve as an
ndicator of its potential antioxidant activity (Table 2).
here is a direct correlation between the antioxidant
ctivity and reducing power of certain compounds, such
s flavonoids [31], and similar results were found in this
tudy. The reducing power of the compound at the con-
entrations tested was high, demonstrating its ability to
onate electrons and neutralize free radicals by forming
table products.
Hopeaphenol is composed of two molecules of
mpelopsin B (Fig. 4), each of which is composed of four
esveratrol units. The antioxidant activity of hopeaphe-
ol is due to the existence of a phenol ring, the stability
f the molecular structure and the existence of the dou-
le bonds of the olefinic unit. The phenol ring can
reeze hydroxyl, superoxide anion and hydrogen peroxyl
adicals by releasing hydrogen [32,33]. Hopeaphenol
cavenges hydrogen peroxide due to the presence of
henolic groups that donate electrons to hydrogen per-
xide, thereby neutralizing the radicals. Although it has
 number of hydroxyl groups, it had less activity than
uercetin.
.  Conclusion
We evaluated the antioxidant properties of hopeaphe-
ol isolated from a stem bark extract of S.  roxburghii.
opeaphenol had potent antioxidant properties with allour testing methods. The activity of this compound is
ttributed to its complex structure, with many hydroxyl
roups, which can donate hydrogen or electrons to free
adicals, effecting neutralization. Hopeaphenol could
herefore be used as a natural antioxidant in foods and
harmaceuticals.
[
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